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Abstract
Objectives: Textiles used to make clothing can
represent a source, often ignored, of chemicals
potentially noxious to both skin and the whole
organism. Among the most frequently produced
potentially noxious chemical manufacturing by-
products are formaldehyde (FA), nickel (Ni) and
hexavalent chromium (Cr); they are of potential
clinical interest as all are known to be carcinogenic
to humans and to be potent skin sensitizers.
The aim of this study was to investigate, in vitro,
effects of these potentially dangerous compounds
on two different melanoma cell lines. In particular,
attention was focused on A375P, a poorly meta-
static and low invasive cell line and SK-MEL-28, a
highly metastatic cell line.
Materials and methods: Effects of these com-
pounds was evaluated on A375P and SK-MEL-28
cells. FA (1–5 9 105 M), NiSO4 (10
6–103 M),
K2Cr2O7 (10
7–106 M) effects on cell prolifera-
tion were evaluated by cell counting, while ERK
pathway involvement was evaluated by Western
blot analysis.
Results: Low concentrations of the chemicals,
covering a range that corresponds to commonly
accepted limits in textile production, induced a
significant increase in cell proliferation concomitant
with transient activation of phosphorylated ERK
expression.
Conclusions: Data obtained suggest that increasing
attention must be focused on these by-products’
potentially harmful effects in chemical manufactur-
ing of clothes and accessories, that remain for long
periods of time, in contact with human skin.
Introduction
The skin is the largest organ of the body in verte-
brates and represents a barrier against exogenous sub-
stances, pathogens and mechanical stress. It also plays
a pivotal role in permitting organism/external environ-
ment interactions, thanks to receptors and nerve end-
ings. As any other organ in human body, skin can
develop benign as well as malignant tumours. Among
malignant skin cancers, great attention is focused on
malignant melanoma. This tumour is one of the most
aggressive skin cancers, and according to World
Health Organization (WHO) estimates, numbers of
melanoma cases worldwide are increasing faster than
of any other cancer type. It has an estimated doubling
of incidence every 10–20 years, becoming a major
public health concern in many countries (1,2). Recent
epidemiological data highlight that in the United
States, melanoma incidence is of at least 50 000 new
cases/year and represents about 3% of all newly diag-
nosed cancers (1). Malignant melanoma represents a
great medical challenge as tumour lesions can remain
undetectable or asymptomatic for long periods of time
(3). It is well known that this malignancy displays
high metastatic potential and strong resistance to cur-
rently available clinical treatment, finally resulting in
poor prognosis (1,4,5).
Acting as a physical barrier between the internal
body and external environment, skin is constantly in
contact with clothing. Textiles used to make clothes can
therefore represent a source, often ignored, of potentially
noxious chemicals for both skin and the whole organ-
ism. Prolonged contact with potentially harmful com-
pounds derived from clothes and accessories (where
they are present as manufacturing by-products), could
conceivably damage skin integrity. In particular, in the
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short term, they can induce allergic or sensitization
reactions, while over long periods, there is fear that
they might induce overproliferation of neoplastic cells.
Current literature does not report comprehensive studies
on these aspects, thus a preliminary investigation is
desirable.
Among the most frequently used potentially noxious
chemical manufacturing by-products, are formaldehyde
(FA), nickel (Ni) and hexavalent chromium (Cr VI).
They are of potential clinical interest, as all these are
known to be carcinogenic to humans and to be potent
skin sensitizers. Recently, a number of in vitro studies
has highlighted that these compounds could induce
different cell effects, in both normal and tumourigenic
cell lines, ranging from apoptosis to enhanced cell
proliferation, depending on their concentrations (6–11).
Moreover, FA, Ni and Cr have been described to be
able to activate the ERK signalling pathway in both
normal and tumour cell models (6,12–14).
Due to their recognized potentially harmful effects
on human health (even if there are still no mandatory
regulations), many standards or voluntary labels have
introduced limits to regulate FA, Ni and Cr presence in
textiles: European Ecolabel, National Technical Report
UNI/TR 11359 and many further private trademarks
(Oeko-Tex, Bluesigned, Aafa RLS, and more).
The aim of this study was to evaluate, in an in vitro
model, effects of the three potentially noxious com-
pounds that are known to represent common manufac-
turing by-products of clothing and accessory industry
(formaldehyde, nickel and hexavalent chromium) on two
different melanoma cell lines. In particular, our attention
was focused on A375P, a poorly metastatic and low
invasive cell line (15,16) and SK-MEL-28, a highly
metastatic cell line (1).
Materials and methods
Cell culture
Human melanoma cell lines A375P and SK-MEL-28
were a kind gift of Prof. Daniela Taverna from Molecu-
lar Biotechnology Center, Department of Molecular
Biotechnology and Health Sciences, University of Turin.
A375P is a poorly metastatic and lowly invasive cell
line (15,16), while SK-MEL-28 is highly metastatic (1).
A375P cells were grown in culture flasks (75 cm2) in
DMEM (Euroclone, Milan, Italy) supplemented with
10% heat inactivated foetal bovine serum (FBS) (Euro-
clone), penicillin (100 U/ml), streptomycin (100 mg/ml),
L-glutamine (2 mM), non-essential aminoacids, vitamins,
Hepes (25 mM) and sodium pyruvate (1 mM) (Euro-
clone) in a humidified atmosphere containing 5% CO2
at 37 °C. SK-MEL-28 cells were grown in culture flasks
(75 cm2) in DMEM (Euroclone) supplemented with
10% heat inactivated foetal bovine serum (FBS) (Euro-
clone), penicillin (100 U/ml), streptomycin (100 mg/ml),
L-glutamine (2 mM), Hepes (25 mM) and sodium pyru-
vate (1 mM) (Euroclone) in a humidified atmosphere
containing 5% CO2 at 37 °C.
Cell treatments
Cells were treated with growing concentrations of form-
aldehyde (FA) (Sigma Aldrich, St. Louis, MO, USA),
nickel (NiSO4) (Sigma Aldrich) and hexavalent chro-
mium (K2Cr2O7) (Carlo Erba, Milan, Italy) aqueous
solutions. Starting aqueous solutions were diluted in
DMEM without FBS just before cell treatment, to obtain
intermediate concentrations, and cell treatment was per-
formed in complete medium. Tested concentrations were
decided considering both compounds IC50 and limits
described in private label Oeko-Tex and in volunteer
European label (Ecolabel) rules for these compounds in
textiles. Formaldehyde was used at concentrations of 10,
25, 50 lM, with a limit of 20 ppm generally accepted in
textiles (corresponding to 1 mg/l or 3.33 9 105 M in
the elution solution) and IC50 of 3.03 9 10
4
M (17).
NiSO4 was used at 10
6–103 M concentration range;
NiSO4 IC50 was at 6.22 9 10
4
M (18), while the nickel
limit generally accepted for textiles is 1 mg/kg (corre-
sponding to 0.05 mg/l or 8.52 9 107 M in the elution
solution). K2Cr2O7 was used at 10
7 and 106 M;
K2Cr2O7 IC50 is 3.23 9 10
5
M (18), while hexavalent
chromium limit generally accepted for textiles is 0.5 mg/kg
(corresponding to 0.025 mg/l or 4.81 9 107 M in the
elution solution). Correlations between concentrations of
the investigated chemicals on textiles and concentrations
of elution solutions were referred to values obtained by
acid sweat extraction method performed on fabrics, with
liquor ratio 1:20. To evaluate formaldehyde, nickel and
chromium effects on cell proliferation, depending on
observed cell duplication time (around 24 h for A375P
and 72 h for SK-MEL-28), A375P cells were exposed
overnight to test chemicals, while SK-MEL-28 cells
were treated for 3 days.
Cell proliferation
To evaluate formaldehyde, nickel and chromium effects
on cell proliferation, 1 9 103 cells were seeded in
multiwell plates (35 cells/mm2) and allowed to adhere
overnight. Non-adherent cells were then removed by
gentle washing in phosphate buffer (PBS, pH = 7.4)
and test chemicals were added in complete cell culture
medium. At the end of the incubation time, cells were
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fixed in cold methanol, and stained with crystal violet;
tested samples were photographed at 94 magnification
using an optical microscope (Leica ICC50HD). Each
experiment was performed three times in triplicate.
Counting was performed by two researchers, blinded to
experimental groups, to assess reproducibility of the
analysis. Interindividual variation was less than or
equal to 20%, thus counting data from both researchers
were analysed. Cell proliferation was evaluated by
counting cells in each microscopic field in at least
three fields for each experimental condition. Cell den-
sity was expressed as percentage of control val-
ues  standard deviation (SD).
Western blot analysis
For time course experiments, 2 9 105 cells were treated
for different times (0, 5, 15, 30, 60, 120 min) with formal-
dehyde, nickel or chromium compound, at concentrations
providing the maximum proliferation result. Cells were
lysed in PBS containing 0.5% Triton X-100 and protease
inhibitor cocktail (Roche Diagnostics GmbH, Mannheim,
Germany). Total protein content of each sample was
determined by means of BCA assay (Pierce, Rockford,
IL, USA). Of proteins, 15 lg were separated onto a 12%
SDS-PAGE gel under reducing conditions and blotted
onto nitrocellulose membrane (Amersham Biosciences,
Little Chalfont, UK) using standard methods. Membranes
were blocked in 7% milk in PBS with 0.1% Tween-20 at
room temperature for 2 h. Membranes were then incu-
bated with primary specific anti-ERK1/2 antibody
(1:1000; Cell Signaling Technology cat #9102, Cell Sig-
nalling Inc, Beverly, MA, USA) or anti-phospho-ERK1/2
antibody (1:5000; Cell Signaling Technology cat #9106)
overnight at 4 °C. As control for protein loading, actin
was detected on membranes using anti-actin antibody pur-
chased from Sigma Aldrich.
Signals were revealed using appropriate secondary
peroxidase-conjugated antibodies, and bands were visu-
alized by chemoluminescence (Amersham Biosciences).
Western blotting experiments were quantified by densi-
tometric analysis using ImageJ software (U. S. National
Institutes of Health, Bethesda, Maryland, USA).
Statistical analysis
Unpaired Student’s t-tests were performed for statistical
analysis. Statistical procedures were performed with the
Prism 4.0 statistical software (GraphPad Software Inc., La
Jolla, CA, USA). Probability values of P < 0.05 were con-
sidered statistically significant. Statistical analysis was per-
formed comparing cell density observed at each
concentration tested, to control.
Results
Formaldehyde-mediated effects
Formaldehyde, at 105 and 2.5 9 105 M (two concen-
trations that virtually correspond to fabric content lower
than limits normally accepted by standards and labels
(20 ppm, 1 mg/l, 3.33 9 105 M) and compound IC50
(3.03 9 104 M) (17)), increased both A375P and SK-
MEL-28 cell proliferation (Fig. 1), in a statistically
significant manner. In particular, maximum cell prolifer-
ation increase was observed at lowest concentrations
tested (105 M) in the poorly metastatic and low inva-
sive A375P cell line (Fig. 1, white bars, P < 0.001),
while in the highly metastatic SK-MEL-28 cell line,
maximum proliferation peak was obtained with
2.5 9 105 M stimulation (Fig. 1, grey bars, P < 0.05).
Highest concentration tested (5 9 105 M) induced an
initial toxic effect on A375P cells (Fig. 1, white bars,
P < 0.001), while this had no statistically significant
effect on SK-MEL-28 cell proliferation (Fig. 1, grey
bars). As shown in Fig. 2, formaldehyde-induced
increase in A375P and SK-MEL-28 cell proliferation
was mediated by a transient increase in ERK (extra-cel-
lular signalling-regulated kinase) activation. Considering
the less aggressive A375P cell line, ERK activation
occurred between 30 and 60 min stimulation, as high-
lighted by phospho-ERK/ERK ratio (Fig. 2, white bars,
P < 0.001). On the other hand, in the more aggressive
SK-MEL-28 cell line, statistically significant ERK acti-
vation started after 5 min stimulation and reached maxi-
mum after 60 min, as highlighted by phospho-ERK/
ERK ratio (Fig. 2, grey bars, P < 0.001). In both cell
lines, after 120 min stimulation, ERK activation returned
to control levels.
Nickel-mediated effects
Nickel effects on the two melanoma cell lines under
investigation were assessed using increasing concentra-
tions of NiSO4 in aqueous solution. As shown in Fig. 3,
lowest NiSO4 concentration tested (10
6
M, correspond-
ing to presence of nickel similar to limits normally
accepted for this metal on textiles) induced a statistically
significant increase in A375P cell proliferation (Fig. 3,
white bars, P < 0.05), while increasing concentrations
(105, 104 M) had no effect on proliferation of this
poorly metastatic melanoma cell line. On the other
hand, when the tested concentration was higher than
compound IC50 (6.22 9 10
4
M) (18), toxic effects were
observed (Fig. 5, white bars, P < 0.001). As shown in
the same figure, lowest concentrations tested (106,
105 M) enhanced highly metastatic SK-MEL-28 melanoma
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cell proliferation, with proliferation peak at 105 M
(Fig. 3, grey bars, P < 0.001). While 104 M concentra-
tion had no statistically significant effect on SK-MEL-28
cell proliferation, the highest concentration tested
(103 M) induced toxic effects (Fig. 3, grey bars, P < 0.001).
As shown in Fig. 4, NiSO4-induced increase in A375P
and SK-MEL-28 cell proliferation was associated with a
transient increase in ERK activation. In particular, in the
poorly metastatic A375P cell line, ERK activation
occurred between 5 and 60 min of stimulation, as demon-
strated by increase in phospho-ERK/ERK ratio (Fig. 4,
white bars, P < 0.05). On the other hand, in the highly
metastatic SK-MEL-28 cell line, a statistically significant
increase in ERK activation was observed between 5 and
30 min, with maximum activation peak at 15 min, as
demonstrated by increase in phospho-ERK/ERK ratio
(Fig. 4, grey bars, P < 0.001).
Chromium-induced effects
Chromium effects on the two melanoma cell lines under
investigation were assessed using increasing concentra-
tions of K2Cr2O7 aqueous solution. As shown in Fig. 5,
the lowest K2Cr2O7 concentration tested (10
7
M, a con-
centration corresponding to a presence of hexavalent
chromium lower than the limit normally accepted on tex-
tiles) had no statistically significant effect on A375P cell
proliferation, while increasing concentrations (106 M),
even if below the compound IC50 (3.23 9 10
5
M) (18),
but higher than Oeko-Tex limit (4.81 9 107 M) started
to display a toxic effect (Fig. 5, white bars, P < 0.05).
Cell treatment with K2Cr2O7 concentrations similar to
compound IC50 caused an increasingly toxic effect
(Fig. 5, white bars, P < 0.001). As shown in the same
figure, lowest K2Cr2O7 concentration tested (10
7
M)
was accompanied by a statistically significant increase
in SK-MEL-28 cell proliferation (Fig. 5, grey bars,
P < 0.05), while increasing concentrations (106 M) had
a statistically significant toxic effect (Fig. 5, grey bars,
P < 0.05). Even if K2Cr2O7 did not induce a statistically
significant effect on cell proliferation (Fig. 5, white
bars), it was sufficient to induce a transient increase in
ERK activation. On the other hand, K2Cr2O7 induced,
in SK-MEL-28, a transient increase in ERK activa-
tion associated with the observed increase in cell
proliferation. In particular, in A375P cell line, increase
(a)
(b)
Figure 1. Formaldehyde (FA) effects on
A375P and SK-MEL-28 cell lines after 24
and 72 h incubation respectively. (a) Repre-
sentative images (magnification 49). (b)
Quantification of FA effects on A375P (white
bars) and SK-MEL-28 (grey bars) cell prolif-
eration. Results represent the mean values
obtained from three independent experiments
and are expressed as mean values  standard
deviation (SD). *P < 0.05, **P < 0.001
compared to control samples.
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in phospho-ERK/ERK ratio was maximum after 5 min
stimulation (Fig. 6, white bars, P < 0.05), while in SK-
MEL-28 cell line, maximum increase in phospho-ERK/
ERK ratio was observed after 15 min stimulation (Fig. 6,
grey bars, P < 0.001).
Discussion
Clothes and accessories, due to their prolonged contact
with skin might represent a source, often ignored, of
potentially noxious substances. Some chemicals that can
be potentially harmful to human health, such as formal-
dehyde, nickel and chromium, can be found in textiles
and accessories as manufacturing by-products, and can
be released on sweating. Sweat, thanks to its aqueous
nature, can induce chemical by-product solubilization
from clothes and accessories, making them more easily
accessible to cells.
Despite these chemicals being recognized as poten-
tially carcinogenic to humans, there are no mandatory
legal norms regulating chemical manufacturing by-prod-
uct levels in either clothing or accessories. To overcome
this lack in international legislation, many standards or
voluntary labels have introduced limits to regulate FA,
Ni and Cr presence in textiles, such as the European
Ecolabel, the National Technical Report UNI/TR 11359
and other private trademarks (Oeko-Tex, Bluesigned,
Aafa RLS, and others).
The aim of this study was to evaluate effects of FA,
Ni and Cr, three potentially noxious compounds known
to be manufacturing by-products of the clothing and
accessories industries, on cell proliferation and phospho-
ERK expression in two melanoma cell lines.
To compare concentrations of solutions used in
this study with limits normally accepted in the textile
market, it has been speculated an extraction of these
chemicals by an acid sweat extraction method, with a
liquor ratio 1:20. However, it must be added that the
above method is normally adopted for heavy metals
(such as Ni and Cr VI), while, in the case of FA, the
limit of 20 ppm refers to a water extraction of hydro-
lysed FA.
Formaldehyde is a volatile, colourless, pungent-
smelling, highly water soluble chemical that can reach
living organisms as an exogenous agent or an endoge-
nous metabolite (8,19). It is widely used as preservative
and disinfectant, as well as in consumer products such
as textiles, where it is mainly used in anti-crease treat-
ments (8,13).
It is also known that direct contact with diluted
formaldehyde solutions may cause inflammation and
allergic reactions, such as contact dermatitis (8).
Recently, formaldehyde has been classified by IARC as
being “carcinogenic to humans” (group 1) (11,13,20).
Many experimental in vitro studies have highlighted that
formaldehyde biological reactions are largely dose-
dependent; when administered in very high doses, it
induces necrotic cell death, while in low doses, it is able
to enhance cell proliferation in cultured cells (8). Cell
stimulation with low doses of formaldehyde, by enhanc-
ing cell proliferation and inhibiting apoptosis, can sus-
tain neoplastic processes, as suggested by Tyihak and
coworkers, that tumour cells are more responsive than
normal ones to this kind of stimulation (6,11).
Nickel and chromium are metals ubiquitously pres-
ent in the environment and, in the last century, industri-
alization and modern living have resulted in increased
cutaneous exposure to them and hence in increase in
metal allergies, such as incidence of systemic contact
dermatitis (SCD) and allergic contact dermatitis (ACD)
(21).
Nickel is a heavy metal belonging to the transition
metals group that is abundant in the natural environ-
ment. Once within a cell, it can bind several biological
components and alter cellular functions, morphology
(a)
(b)
Figure 2. FA-induced ERK phosphorylation. A375P cells were trea-
ted with 105 M FA, while SK-MEL-28 cells were treated with
2.5 9 105 M FA. (a) Representative western blot images. (b) Densito-
metric quantification of ERK phosphorylation. Results represent mean
values obtained from three independent experiments and are expressed
as mean values  standard deviation (SD). White bars represent
A375P cells, while grey bars are referred to SK-MEL-28 cells.
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and ultrastructure (10,22). In the clothing industry,
nickel is contained in pigments and in metal complex
dyes and is also contained in metal components such as
zip fasteners and buckles.
It is a well-known toxic element, described as being
carcinogen to humans, but is also a common allergen
and potent sensitizer, recognized as one of the main
causes of irritant skin reactions and ACD, whose inci-
dence within the general population is 20–30% (10,22–
24). Nickel-mediated biological effects mostly depend
on its concentration; in vitro studies have highlighted
that, depending on the experimental model, it can induce
totally different cellular effects, ranging from apoptosis
in oral endothelial cells to enhanced cell proliferation in
human primary cultured keratinocytes and HaCaT cells
(23).
In the environment, chromium exists in two stable
oxidation states: +3 (trivalent chromium, Cr(III)) and +6
(hexavalent chromium, Cr(VI)) (25). In the clothing
industry, hexavalent chromium is contained in chrome
dyes and in metal complex dyes and it is known to be
genotoxic and carcinogenic in a number of experimental
systems (14); it is also recognized as being one of the
main causes of ACD, SCD and skin irritant reactions
(10,21,26). Once entered into the mammalian cell
environment, Cr(VI) is reduced via the redox system to
form intermediate, unstable forms (Cr(V) and Cr(IV))
that finally yield Cr(III) that, being kinetically inert, is
considered less toxic than Cr(VI) (27–29). Hexavalent
chromium reduction to trivalent chromium generates
(mainly via Fenton and Haber–Weiss type reactions
(27)) a wide spectrum of reactive oxygen species
(ROS), such as superoxide anion, hydrogen peroxide
and hydroxyl radicals (7,30). These reactive intermedi-
ates interfere with intracellular signalling pathways, cell
proliferation, cytokine and transcription factor activation,
and apoptosis (29,30). An in vitro study using a HLF
(foetal human lung fibroblasts) cellular model, has high-
lighted that a narrow range of chromium concentrations
(5-30 9 106 M) can induce various cellular effects,
ranging from cell cycle re-entry (non-toxic concentra-
tion, 5 9 106 M) to growth arrest (sub toxic concentra-
tion, 15 9 106 M) and apoptosis (toxic concentration,
30 9 106 M) (7).
It is acknowledged that cell proliferation is a critical
factor in carcinogenesis induced by chemicals (19). In
this study, attention has been focused on the ability of
formaldehyde, nickel and chromium to increase cell pro-
liferation in two different melanoma cell lines. As
shown in the results section, all tested chemicals were
able to increase cell proliferation in the chosen mela-
noma cell lines. In particular, low invasive and poorly
metastatic A375P cell line (15,16) responded with
increased cell proliferation, to lower formaldehyde and
nickel concentrations (105 M and 106 M, respectively)
compared to the highly metastatic SK-MEL-28 melanoma
(a)
(b)
Figure 3. Nickel (NiSO4) effects on A375P
and SK-MEL-28 cell lines after 24 and
72 h incubation respectively. (a) Representa-
tive images (magnification 49). (b) Quantifi-
cation of NiSO4 effects on A375P (white
bars) and SK-MEL-28 (grey bars) cell prolif-
eration. Results represent mean values
obtained from three independent experiments
and are expressed as mean values  standard
deviation (SD). *P < 0.05, **P < 0.001 com-
pared to control samples.
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cell line (2.5 9 105 M and 105 M, respectively) (1). In
the light of these results, further studies have been per-
formed to identify molecular mechanisms involved in
the observed phenomena. Attention was focused on
MAPKs (mitogen activated protein kinases), as it is
known that this intracellular signalling pathway controls
many aspects of mammalian cell physiology, including
cell growth, differentiation and death, acting by phos-
phorylating downstream transcription factors (14).
Among MAP kinases, the ERK signalling pathway is
critical in regulating cell mitogenesis and differentiation;
in particular, transient ERK activation leads to cell pro-
liferation, while persistent activation mediates growth
arrest and differentiation (14).
Data presented in the results section highlight ERK
activation involvement in the observed formaldehyde-,
nickel- and hexavalent chromium-induced increases in
cell proliferation. These results confirm previously
described formaldehyde, nickel and chromium involve-
ment in ERK activation in various normal and tumour
cell models (6,12–14). The observed results are even
more interesting considering that both A375P and
SK-MEL-28 cells harbour BRAF(V600E) mutation,
which is associated with enhanced sensitivity to MEK
inhibition, finally resulting in both cyclin D1 protein
expression down-regulation and G1 cell cycle arrest
(31,32).
Formaldehyde, nickel and chromium metabolism have
been described as generating ROS (22,30,33). It is widely
accepted that redox balance is essential to maintain cell
and tissue homoeostasis and that impaired oxidation can
affect cell growth and differentiation, along with cell sig-
nalling and apoptosis (30). Many of these physiological
events are mediated by MAPKs and, as increased ROS
production has been described to induce MAPKs activa-
tion (34), oxidative alterations of this signalling pathway
may provide a plausible explanation for the observed mel-
anoma cell proliferation increase.
In conclusion, data presented herein show that mela-
noma cell exposure to formaldehyde, nickel and chro-
mium, three chemical compounds present in clothing
and accessories industry manufacturing by-products, can
induce, even at low concentrations, an increase in
tumour cell proliferation ability.
(a)
(b)
Figure 5. Hexavalent chromium (K2Cr2O7) effects on A375P and
SK-MEL-28 cell lines after 24 and 72 h incubation respectively. (a)
Representative images (magnification 49). (b) Quantification of
K2Cr2O7 effects on A375P (white bars) and SK-MEL-28 (grey bars)
cell proliferation. Results represent mean values obtained from three
independent experiments and are expressed as mean values  standard
deviation (SD). *P < 0.05, **P < 0.001 compared to control samples.
(a)
(b)
Figure 4. NiSO4-induced ERK phosphorylation. A375P cells were
treated with 106 M NiSO4, while SK-MEL-28 cells were treated with
105 M NiSO4. (a) Representative western blot images. (b) Densito-
metric quantification of ERK phosphorylation. Results represent mean
values obtained from three independent experiments and are expressed
as mean values  standard deviation (SD). White bars represent
A375P cells, while grey bars are referred to SK-MEL-28 cells.
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Data obtained suggest that increasing attention must
be focused on potential harmful effects of chemical
manufacturing by-products in clothing and accessories
that have to remain for long periods of time in contact
with human skin. Future studies of more physiological
settings, such as organotypic human skin and skin-
melanoma models, and on actual release of such chemi-
cals by clothes and accessories on human skin, are
required to be able to suggest safe cut-off levels for
these chemicals.
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